The composition of the hydrodistilled essential oil from the aerial parts of Dracocephalum surmandinum was analyzed by GC and GC-MS. Monoterpenoids, including oxygenated compounds and hydrocarbons, comprising 63.4 and 33.9%, respectively, were the principal compound groups of the essential oil. In total, 25 constituents accounting for 97.8% of the oil were identified. Perilla aldehyde (54.3%) and limonene (30.1%) were characterized as the main components. The essential oil of D. surmandinum and its two main constituents showed a marked antioxidant and radical scavenging activity using different model systems, including 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) and β-carotene-linoleic acid blenching assays. The results of cytotoxicity activity using the MTT assay exhibited that the oil of D. surmandinum has a good effect against human breast adenocarcinoma (MCF-7) and erythromyeloblastoid leukemia cell lines (K562) with IC 50 values of 14 and 16 µg/mL, respectively. The cytotoxic potential of D. surmandinum oil against rat adrenal pheochromocytoma cell line (PC 12) was weak (IC 50 of >100 µg/mL). Perilla aldehyde and limonene, the main constituents of D. surmandinum essential oil, inhibited all investigated cell growth in a dose-and time-dependent manner with IC 50 values ranged from 0.25-5.0 mmol/L.
Free radicals and other reactive oxygen species (ROS), such as superoxide anion, hydroxyl radical and hydrogen peroxide are an entire class of highly reactive molecules derived from the normal metabolism of oxygen or from exogenous factors and agents. ROS are not only strongly associated with lipid peroxidation, resulting in deterioration of food materials, but also are involved in development of pathology of numerous chronic diseases, including carcinogenesis, coronary heart disease, diabetes, neurodegeneration and many other health problems related to advancing age [1] . Recently, essential oils and herbal extracts have attracted a great deal of scientific interest due to their potential as a source of natural antioxidants and biologically active compounds [2] .
The genus Dracocephalum L. belongs to the mint family (Lamiaceae) and is represented in the flora of Iran by eight annual and perennial species [3] . D. surmandinum Rech. is an endemic, perennial, scented and medicinal plant in Iran. It grows at high altitude (2500 -3000 m) on Surmand Mountain in Esfahan province, Iran. Infusions of the aerial flowering parts of the plant are locally used as a general tonic, as well for treatment of cold and gastrointestinal disorders.
The essential oil composition of three accessions of D. heterophyllum cultivated at Palampur in India has been studied and three different chemotypes were determined [4] . The antimicrobial activity and composition of D. foetidum has been investigated and n-mentha-1,8-dien-10-al (39.2%) and limonene (17.0%) were characterized as major components. The essential oil of this plant has also showed good antimicrobial activity against methicilin-resistant Staphylococcus aureus [5] . Citral and limonen-10-al were characterized as the most effective compounds against the parasitic agent of Chagas disease among the bioactive constituents isolated from D. subcapitatum collected from Iran [6] . In the volatile oil of D. aucheri collected from Iran, twenty compounds were identified with sabinene (55.2%) as the major constituent [7] . The composition and in vitro antioxidant activity of D. moldavica extract has already been investigated [8] . Recently, biological NPC Natural Product Communications 2010 Vol. 5 No. 2 341 -344 RI, retention indices relative to C 6 -C 24 n-alkenes on the DB-5 column. activity and composition of the essential oil of D. moldavica from Iran has been studied [9] . Limonene and α-terpineol has been reported to be responsible for the antinociceptive activity of the essential oil of D. kotschyi [10] . Citral (29.3%) and β-caryophyllene (21.5%) were reported as the major oil compounds of D. kotschyi from Iran [11] . Regarding the anticancer effect of Dracocephalum species, the cytotoxicity of leaf extract of D. kotschyi was examined in several human tumor cell lines [12] . As far as our literature survey could reveal, there is no phytochemical nor biological report on D. surmandinum. The main objectives of this study were designed: 1) to characterize the composition of the essential oil of D. surmandinum and 2) to evaluate antioxidant and cytotoxicity properties of the oil and its two main constituents.
Hydrodistillation of the aerial flowering parts of D. surmandinum gave an oil in 0.8% (w/w) yield, based on the dry weight of the plant. In total, 25 constituents, comprising about 97.8% of the total oil were identified. The chemical composition of the oil is presented in Table 1 , where compounds are listed in order of their elution from the DB-5 column. The essential oil was rich in oxygenated monoterpenes (63.4%), including perilla aldehyde (54.3%) as the major component, followed by monoterpene hydrocarbons (33.9%) with limonene (30.1%) as the principal one. Geranyl acetate and geraniol, the two major compounds of D. moldavica [9] essential oil (19.9 and 17.6 %, respectively), were not detected in that of D. surmandinum. Sabinene, the main component of D. aucheri, was found in the oil of D. surmandinum only in low amount (0.5%).
The essential oil of D. surmandinum demonstrated a concentration-dependent scavenging activity by quenching DPPH radicals. The hydrogen donating activity, measured by the DPPH test, showed an IC 50 value of 418.2 μg/mL ( Table 2 ). The potential of the plant to inhibit lipid peroxidation was evaluated using the β-carotene-/linoleic acid bleaching test. Regarding the data presented in Table 2 , the inhibition value of linoleic acid oxidation was estimated as 63.2±5.4 in the presence of the D. surmandinum essential oil. Compared to perilla aldehyde and limonene, the antioxidant activity of the essential oil was potent in both DPPH and β-carotene/linoleic acid bleaching tests ( Table 2 ). It may be concluded that the presence of compounds other than the two main constituents insert a synergistic effect on the total oil antioxidant potential.
Treatment of K562, MCF-7 and PC12 cells with different concentrations of D. surmandinum essential oil and its main constituents (perilla aldehyde and limonene) for various times resulted in cell death. Cytotoxic evaluation by MTT assay indicated that no significant changes in the extent of formazan production occurred after 12 hours treatment with 5-100 µg/mL of the essential oil and 0.25-5 mM of the main constituents. Following a slight decrease after 24 hours, the cell viability after 48 hours of treatment was reduced by 50 % at 16 µg/mL, 14 µg/mL and >100 µg/mL of the essential oil in K562 , MCF-7 and PC12 cells, respectively (Figure 1) .
The anti-carcinogenic properties of limonene and perillyl alcohol in several animal tumor models have been published [13, 14] . Regarding our data, both perilla aldehyde and limonene inhibited proliferation of K562, MCF-7 and PC12 cell lines in a dose-dependent mechanism. The IC 50 (concentration that elicited 50% 
Isolation of essential oil:
Air-dried plant material (100 g) was hydrodistilled for 2.5 h using a Clevenger type apparatus. The essential oil was dried over anhydrous Na 2 SO 4 and then kept in sealed vials at 4 ο C until analysis and tests.
Essential oil analyses:
GC analysis was carried out on a Thermoquest-Finnigan Trace GC instrument equipped with a capillary DB-5 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 μm). The oven temperature was raised from 60 o C to 250 o C at a rate of 5 o C /min, then held at 250 o C for 10 min. Nitrogen was used as the carrier gas at a flow rate of 1.1 mL/min; split ratio was adjusted at 1/50. The injector and detector (FID) temperatures were kept at 250 o C and 280 o C, respectively. GC-MS analysis was carried out on a Thermoquest-Finnigan Trace GC-MS instrument equipped with a DB-5 fused silica capillary column. Helium was used as the carrier gas at a flow rate of 1.1 mL/min with split ratio of 1/50. The quadrupole mass spectrometer was scanned over 45-465 amu with an ionizing voltage of 70 eV. Gas chromatographic conditions were the same as given above for GC. The identifications of the oil components were made based on comparison of their MS with those of the internal reference MS library (Wiley 7.0), as well as by comparison of their retention indices with the published data [15] .
DPPH assay: Radical scavenging capacity was determined according to a published procedure [16] . The DPPH radicals scavenging activity was calculated according to the following equation: [(A 0 -A 1 /A 0 ) × 100], where A 0 is the absorbance of the control (blank, without extract) and A 1 is the absorbance in the presence of either the extract or standard sample.
β-Carotene-linoleic acid blenching assay: The βcarotene bleaching assay was carried out to determine the antioxidant activity of samples based on Miller's method [17] .
Cell culture and cell viability: Three different cell lines, K562, MCF-7 and PC12, were cultured in RPMI-1640 medium supplemented with FBS (10%, v/v), streptomycin (100 µg/mL) and penicillin (100 U/mL). The cells were incubated under 5% CO 2 humidified atmosphere at 37ºC. Cell viability was estimated using the MTT assay [18] .
Statistical analysis:
All tests were carried out in triplicate and the results were presented as means ± SD. 
